The present research deals with the assessment of a new bioactive product obtained from salicylic acid, zinc salicylate (ZnSal), to be employed in antifouling coatings.
the immersion in natural environments, the coatings leaching rate in artificial sea water was monitored. Finally, the antifouling efficiency of experimental coatings was evaluated at Mar del Plata harbor, in Argentina. The coating with ZnSal and rosin / oleic acid binder proved to have an acceptable efficiency for more than twelve months. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 59 60
INTRODUCTION
The colonization of hard substrates immersed in natural waters by a wide variety of marine organisms (algae, barnacles, mussels, polychaetes, ascidians, bryozoans, etc.) is commonly referred as "biofouling". Biofouling causes increased fuel consumption in vessels, due to increased hull friction with water 1 ; metallic corrosion 2, 3 ; pipes and filtration systems blockage 4 ; scale formation in water cooling systems; increasing in weight of off-shore sea platforms 5 ; etc. Therefore, considering the unfavorable consequences listed above and the economic losses that they produce, the employment of adequate methodologies to prevent biofouling are mandatory 5, 6 . Antifouling (AF) coatings are commonly employed to prevent fouling settlement. Frequently, they are formulated with a self-polishing copolymer and one or more antifouling agents (biocides), such as Cu 2 O and/or organic compounds (Irgarol 1051, Diuron, Seanine, etc.). They may contain ZnO to improve the coating performance 6 . Soluble matrix AF coatings containing the same biocides but with rosin as the binder are also commercialized 6, 7 . These coatings dissolve in sea water and the protection did not last more than 12-18 months, because of the constant erosion that they undergo during their service life 8, 9 . At present, there is a great interest on replacing currently biocides used by others more compatible with the environment 10, 11, 12 . In this sense, this research was focused on the assessment of ZnSal as an alternative AF agent.
Taking into account that zinc is less toxic than copper 13 , the resulting coating would be more eco-friendly than those formulated with Cu 2 O.
Some salts of organic acids have been employed as eco-friendly antifouling agents and they may be easily synthesized in the laboratory 14, 15, 16 . Particularly, ferric benzoate proved to be effective in inhibiting barnacle and most fouling organisms 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 settlement during 2 month at Mar del Plata harbor 15 . On this basis, it was decided to use ZnSal as AF agent. Salicylate is found ubiquitously in plants and has been used for medicinal purposes since ancient times because of its antibacterial activity 17 . Zinc compounds, as zinc oxide, have been used in antifouling paints to increase their efficiency 6,9 .
In the first place, the aim of this research was to synthesize ZnSal as potential antifouling agent. Afterards, preliminary screening was carried out in the laboratory to assess its bioactivity for possible application in the of AF coatings. 20, 21 . AF coating with rosin / oleic binder and pigmented with ZnSal proved to be efficient against fouling settlement during one year.
MATERIALS AND METHODS

Salicylic salt abstention and characterization
ZnSal was synthesized in the laboratory after studying the solution / precipitate equilibrium, as a function of the pH, in the sodium salicylate / zinc nitrate system. In order to obtain the precipitation curve of the ZnSal a solution containing: 75 mL of salicylic acid 0.01M, 5 mL of zinc nitrate 0.05M and 5mL of hydrochloric acid 0.05M was prepared, placed in a beaker and titrated with 0.05 M sodium. The pH of the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41 
Bioassay
LC 50 , the concentration which kills 50% of the Artemia nauplii population within 24 hours, was determined using a short term toxicity test 19 .
Artemia persimilis eggs, commercially available, were hatched in artificial sea water (ASW), at 22 ± 2ºC during 24 hours, under gentle aeration with an aquarium pump 23 . 
Formulation and preparation of coatings
Two coatings, with two different binders, were formulated to carry out this research (Table 1) . Coating 1 contained WW rosin as film forming material and oleic acid as plasticizer; aluminum stearate was added as rheological agent 27 . Coating 2 was formulated with styrene-acrylate copolymer (SAC) as co-binder being 1.9/1 the ratio rosin/SAC by volume (Table 1) . In this case, the plasticizer was chlorinated paraffin with 42% of chloride. This plasticizer is commonly recommended for the styreneacrylate copolymer and is also compatible with the rosin resin 28 . Coatings were elaborated following a procedure described in the literature 12, 18 .
Control coatings were also elaborated with the same formula of coating 1 and 2,
respectively, but replacing ZnSal in volume by TiO 2 .
Determination of leaching rates in ASW
The leaching rate test in ASW, is a short term test to assess the dissolution of active agent from coatings in laboratory conditions previous to immersion in natural sea water. Coatings were applied on 8 x 8 cm sandblasted acrylic panels. Three or four coats were applied and allowed to dry 24 hours between each application. The total dry film thickness was 120 ± 5 µm. Not more than 48 hours elapsed for the painted panels to be submerged in a plastic container containing 150 ml of ASW. The leached salicylate was determined by UV-Vis spectrophotometry while zinc was determined by atomic absorption spectroscopy. The original level of the liquid in the containers was restored periodically with distilled water and the pH was adjusted to 8.2.
Essays in NSW
Sandblasted acrylic panels (8 x 12 cm) were coated as described before to match a total dry film thickness of 180 ± 5 µm. No more than 48 hours elapsed before the painted panels were immersed in Mar del Plata harbor (38º08´17´´S-57º31´18´´W). The coastal area where the trial was performed is subjected, predominantly, to atmospheric 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 polychaetes are frequent macrofouling organisms at Mar del Plata harbor and may be found attached onto the panels 4, 29 . This assay was conducted in triplicate.
Microscopic examination of coating 1 (the more efficient coating exposed to NSW) during a short time (2 days) was carried out by environmental scanning electron microscopy (ESEM) employing a PHLLIPS FEI Quanta 200, in order to assess microfouling settlement. The biological structures were preserved with a 2.5%
glutaraldehyde solution and stored in sea water until their observation 2, 30 .
RESULTS AND DISCUSSION
Salicylic salt abstention and characterization
The precipitated ZnSal was in equilibrium with its own ions at pH 6.8 ( Figure   1 ). The determination of the pH value is of importance with respect to the synthesis procedure to obtain the salicylate derivative with a definite composition. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 of the C-O bond 32, 33 . These observations led to the conclusion that zinc ions would be interacting with the carboxilate groups.
The density of ZnSal was 1.80 g/cm 3 . The solubility of ZnSal in AMA was determined by UV spectrophotometry at 297 nm, a wavelength at which ZnSal presents an absorption maximum. It was found to be equal to 10143 ppm. The concentration of Zn 2+ , in the same solution, determined by atomic absorption, was 1052 ppm.
Bioassays
After an incubation period of 24 h, the ZnSal LC 50 was found to be 627 ± 56 mg/l (salicylate) and 7 ± 2.0 mg/l for copper sulphate (positive control). These results
showed that SalZn has some activity against Artemia persimili larvae; however, its toxicity is much lower than that of copper sulfate because the dose to achieve LC 50 is significantly higher for ZnSal.
Determination of leaching rates in ASW
Results of leaching experiments are shown in Figure 3 to 5. The reproducibility of the test was acceptable and the variation coefficient between measurements was ~ 4%. As a general rule, it can be seen that coating 1, formulated with rosin and oleic acid, leached a higher amount of salicylate as it could be observed in the cumulative leached mass plot (Figure 3 ). Coating 1 was observed, principally, during the first fortnight of immersion ( Figure 3 and 4) . It is also remarkable that coating 2 leached more salicylate than coating 1 during the first 3 days of the trial. At the end of the trial, both coatings showed a leaching rate close to 1.0 µg.cm 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 immersion period, the bioactive agent was close to the film surface and, as a consequence, it could be leached easily. As time elapsed the biocide must diffuse from the inner of the coating to the surface. It is clear that coating 1 offered better diffusion path for ZnSal which, in turn, was reflected in the higher values of the leached salicylate. After 10 days both coatings presented a similar behavior.
At the beginning of the assay, the leaching rate of Zn 2+ from coatings 2 was higher than from coating 1 ( Figure 5 ) but, at the end of the test, both values approached to 0.3 -0.4 µg.cm -2 .day -1 . As sea water pH is ~8.2, close to the precipitation of zinc hydroxide, it was expected that zinc ions tend to precipitate which will increase the release of salicylate ions to the medium. This may explain the larger amount of salicylate ions leached in relation to zinc ions during the first period of immersion before the 20 days.
These results were important because they showed that lower amounts of metals would be released to the environment during the coatings service life. According to bibliographic data, Zn 2+ ions leaching rate from biocide-free commercial AF paints is approximately 20 to 27 times higher than the value determined in this research 9, 34 .
Essays in NSW
The panels submerged in natural sea water were observed periodically and the assay was conducted in triplicate. After six months, coatings 1 and 2 performed notoriously better than the controls (Figure 6.a-b) . FR of the control panels was found to be 15 and it continued decreasing with time. The predominant macrofoulers were ascidians, bryozoans, serpulids and algae. These results confirmed the antifouling activity of ZnSal which was assessed previously by laboratory test. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 The control coating 1 had a low FR (~10) after one year of exposition but panels with coating 1 exhibited a FR=95 at the same period of time, Figure 6 a. Panels with the control coating were completely covered with ascidians, algae, serpulids, barnacles and bryozoans at the end of the trial and, at the same time, they showed an incipient film wearing since 6 months on. Coating 1 was more resistant than control coating. After 15 months of exposition coating 1 showed a high wear and, therefore, panels were removed from the test site, Figure 6 a. The fouling attached onto the panels consisted mostly of a heavy slime and algae. It is encouraging that ZnSal effectiveness in fouling control was maintained even in the case of worn film.
Coating 2 resulted to be less efficient than coating 1 with a FR=60 after six months which descended to 30 when nine months of immersion elapsed, Figure 6 b. At the beginning of the immersion period a thick slime layer was deposited quickly onto the panels. After six months the most frequent organisms found attached onto the panels were bryozoans and serpulids. However, film integrity was kept until the ninth month.
The panels corresponding to the control coating 2 were almost totally fouled (FR= 5) after six months; mostly with ascidians and serpulids, Figure 6 b. Due to the lower efficiency of the coating 2, the panels were removed at the ninth month. These results showed that the antifouling activity was highly influenced by the nature of the binder.
The incorporation of SAC improved film resistance but affected the coating leaching rate causing the antifouling performance to decrease.
Controls for coating 1 and 2 did not contain ZnSal, but less fouling was observed in the first, especially in 6 and 9 months. This should be due to a higher erosion rate associated with a higher content of rosin.
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Industrial & Engineering Chemistry Research   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 The ESEM micrographs of the control coating 1 and those of the coating 1 before and after the exposure to NSW, are shown at the Figure 7 . Previous to the immersion both coatings showed a homogeneous and compact film, especially coating 1. After 2 days of immersion in NSW a great degree of colonization was observed on the control coating 1 which exhibited an abundant biofilm with emergence of diatoms and protozoa. Coating 1 did not present biofilm formation but pores appeared as a consequence of binder solubilization. These pores could not be seen on the control coating due to the thick biofilm formed. This result confirmed the fact that ZnSal inhibited the growth of microfouling.
CONCLUSIONS
ZnSal showed to be active against Artemia larvae and it has a lower toxicity than copper. Coating 1 had longer service life than coatings 2 with a fouling rating above 95 until the twelfth month of immersion.
The coating with ZnSal and rosin / oleic acid binder proved to have an acceptable efficiency for more than twelve months. According to data published, ferric benzoate, ferric and aluminum sorbate were assessed in field test 15, 16 to determine their antifouling efficiency in coatings with a similar binder, but their service life was, approximates, 9 months. In change, similar coatings pigmented with ZnSal proved to have an extended service life. The use of styrene-acrylate copolymer on coating 2, increased the film resistance to wearing, with respect to coating 1, but the antifouling performance was impaired, due to a decreased leaching rate. Results obtained with coating in NSW showed that ZnSal can be used as an effective antifoulant.
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